. Processed C 1s spectra for (a) deconvoluted peaks during phase 1, and for comparison of C 1s spectra of (b) study phases 1 and 2, and (c) study phases 1 and 7. Figure S2 . O 1s XPS spectra of (a) sample surface, and (b) study ambience. Figure S3 . Overlay of the O 1s XPS spectrum of (a) phase 3 and phase 4, and (b) phase 4 and phase 5.
Peak deconvolution
The spectrum in individual phases was deconvoluted by following a consistent protocol and evaluation. We first identified and fixed the position of certain compounds based on comparable study conditions and consistent BE positions reported in the published literature (e.g. 530.6 eV for lattice oxygen under vacuum and in the dark). Then, peak fitting was performed for other species with the corresponding residual errors recorded. The same peak fitting exercise for each individual study phases was repeated for multiple times to generate various scenarios. The finalized peak fitting was selected when the consistent FWHM of the major peaks among 8 study phases can be obtained with a minimal residual error, and supported with meaningful rationales (i.e. priori knowledge obtained from published literature).
As an example, Table S1 below shows the data demonstrating how the peak fitting was evaluated and determined for phases 4 and 5. In brief, a 6-peak fitting broadened the FWHM of OH br by 50% (from 1.0 to 1.5) during phase 4 and significantly shifted the peak of surface adsorbed water molecules during phase 5 (Table S1 ) without supporting scientific rationales. The former suggests that more peaks should be segregated for the spectrum of phase 4, and the latter indicates that other peak-fitting for the phase-5 spectrum should be more suitable. When the 8-peak fitting was performed, the FWHM of the OH br during phase 4 becomes satisfactory and the surface adsorbed water molecules during phase 5 can be allocated at a reasonable position (Table S1 ), demonstrating the necessary presence of two more species during phases 4 and 5. In addition, the established chemical reactions of photocatalytic reactions of TiO 2 (Table 1) and literature results 2, 35 show that the presence of both surface peroxides and H 2 O 2(l) should be expected when water vapor and O 2 are supplied.
Hence, it is meaningful of assigning these additional two peaks to peroxides and H 2 O 2(l) on surface during phases 4 and 5. Nevertheless, as specified in the relevant discussion in the main text, although the published literature studies support the assignments of the two additional peaks, more studies using other characterization tools (such as IR and STM) in the future are needed to identify the compounds involved. 
